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The dramatic epidemic caused by severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2), which causes Corona Virus Disease‐2019 (Covid‐19), started in China in late 2019 and has rapidly spread worldwide [1](#cytoa24009-bib-0001){ref-type="ref"}. In Italy, the first patients with severe pneumonia were observed in Lombardy, and the first confirmed case dated February 21, 2020. The exponentially growing number of infected people can now be traced in a website that is continuously updated [2](#cytoa24009-bib-0002){ref-type="ref"}.

As of the end of March 2020, the city of Modena is dealing with \>1,500 cases and about one‐fifth are hospitalized. We have been deeply involved in monitoring the immune system of patients at different stages of the disease, including those asymptomatic, taking novel therapies, requiring intensive care. The analysis that was requested was related to lymphocyte phenotype along with a few functional assays to identify skewing toward T helper type 1 (TH1) or T helper type 2 (TH2) differentiation. The purpose of this report is to provide the first experience of the Modena Covid‐19 Working Group (MoCo19) on handling, processing and analyzing by flow cytometry blood specimens obtained from patients with Covid‐19. Here we describe our procedures in studying peripheral blood mononuclear cells (PBMCs) isolated from infected samples with the intent to provide indications for performing relatively simple immunological studies and reassure the flow cytometry community, currently on the frontline to the fight against the virus [3](#cytoa24009-bib-0003){ref-type="ref"}, since there are no particular risks if all precautions are taken.

Laboratory Biosafety {#cytoa24009-sec-0002}
====================

Risk Assessment {#cytoa24009-sec-0003}
---------------

We first conducted a local risk assessment to address safety or security risks. At this level, risks were defined and characterized, and mitigation measures were implemented accordingly. All laboratory processes, including locations, procedures, and equipment used, were discussed and defined by the risk assessment team of our University. Since panic is often the first reaction of those who are not in the lab but work in the same area, it is strongly recommended to contact and reassure them and the administration personnel explaining how the safety procedure are respected when starting studies on this topic.

SARS‐CoV‐2 belongs to the Coronaviridae family and is taxonomically related to the subgenus Sarbecovirus [4](#cytoa24009-bib-0004){ref-type="ref"}. This is an enveloped virus containing a single‐stranded positive‐sense RNA as viral genome. Virions are spherical, with the spiked glycoprotein embedded in the envelope. Additional viral proteins include envelope, matrix, and nucleocapsid. The presence of SARS‐CoV‐2 RNA across different specimens, that is, bronchoalveolar lavage fluid, fibrobronchoscope brush biopsy, sputum, nasal swabs, pharyngeal swabs, feces, blood, and urine, has been quantified by real‐time transcriptase‐polymerase chain reaction (RT‐PCR) [5](#cytoa24009-bib-0005){ref-type="ref"}. According to these first data, a small percentage (1%) of blood specimens had positive PCR test results for viral RNA. Moreover, the median PCR cycle threshold value reported was 34.6 (range: 34.1--35.4, 95% confidence interval \[CI\]: 0.0--36.4) suggesting that a low concentration of viral RNA is present in the blood.

In principle, finding viral RNA in a fluid does not mean that RNA has the original length, nor that it works. No solid information is currently available regarding the detection of infective SARS‐CoV‐2 particles in the blood, nor on the real meaning of viral RNA present in plasma. In fact, the natural route of transmission is person‐to‐person, and there are no reports of laboratory infections. In fact, the infection occurs primarily via direct contact or through droplets spread by coughing or sneezing from infected individuals [6](#cytoa24009-bib-0006){ref-type="ref"}. However, a recent study reports that the viral load in nasal and throat swabs from an asymptomatic patient was similar to that of symptomatic patients, indicating that infected persons with no symptoms can transmit the virus, likely with the same infectivity [7](#cytoa24009-bib-0007){ref-type="ref"}. Regarding the stability of SARS‐CoV‐2 in aerosols and on various surfaces, it has been reported that the virus can remain viable and infectious in aerosols for hours, and on surfaces up to days (depending on the inoculum shed) [8](#cytoa24009-bib-0008){ref-type="ref"}. Even if finding viral RNA dos not mean finding an infectious virus, this suggests that surfaces must be accurately cleaned with hypochlorite and ethanol.

This provides the first rule: at work, including during breaks, lab meetings, and data discussions, if individuals are in close proximity or just if more than one person is present in the same room, everybody must always wear a simple surgical mask (not a Filtering Face Piece Type‐2 \[FFP2\] mask, which does not filter exhaled air). Unlike disposable gloves, surgical masks can be used several times along multiple days.

Laboratory Working Areas {#cytoa24009-sec-0004}
------------------------

Any handling, processing, and testing of blood specimens from Covid‐19 patients need to be performed in appropriately equipped laboratories by competent personnel, previously trained on the technical and safety procedures. National guidelines on the laboratory biosafety should be followed in all circumstances, and general information is also available in the World Health Organization (WHO) Laboratory Biosafety Manual [9](#cytoa24009-bib-0009){ref-type="ref"}. In Modena, blood specimens from patients with Covid‐19 are handled in Biosafety Level (BLS)‐2 laboratory supplied with Class II biological safety cabinets (BSC). All cabinets are daily equipped with an internal waste (containing 0.5% bleach) where any possible contaminated biological material is discarded.

All Laboratory workers must wear personal protective equipment. In details, when working in the laboratory area, personnel need to mandatory wear disposable gloves, laboratory coat, and surgical mask, required to prevent the spread of unwanted droplets. This precaution is also important to prevent the infection spreading in case a researcher is asymptomatically infected. Laboratory clothing is maintained in the lab and should never be used outside. Laboratory doors are kept closed during all experiments in progress.

A distance of at least 1m is maintained between people inside the lab and, if possible, the presence in each room should be limited to one person only. If not possible, it is important not to have two operators using the same instrument (e.g., like a cabinet 180 cm large), nor two researchers sitting too close in front of the same flow cytometer or of the same computer.

Manipulation of Blood and Analysis and PBMCs from Covid‐19 Patients {#cytoa24009-sec-0005}
===================================================================

Packaging and Transport {#cytoa24009-sec-0006}
-----------------------

Blood specimens from confirmed cases, collected by adequately protected and trained physicians at the patients\' bed are transported to and between laboratories as UN3373, "Biological Substance, category B,\" and are placed in two secondary containers to minimize the potential for breakage. Opening of containers is performed inside a certified Class II BSC in a manner that reduces the risk of exposure to an unintended sample release.

Handling and Processing {#cytoa24009-sec-0007}
-----------------------

During specimen manipulation in a Class II BSC, personnel wear two pairs of disposable gloves, laboratory coats, surgical mask, and eye protection. The use of two pairs of gloves is mandatory to work in BSC, so that at the end of the procedure the external layer of gloves is removed and discarded into the waste located inside the BSC. FFP‐2 masks are also available and are used for personnel protection during specific procedures, including cell sorting or stimulation/activation of living cells. It is better to perform these procedures alone, and thus this type of mask can be used---only when operating and not close to other people.

According to the WHO Laboratory Biosafety Manual, for procedures with a high likelihood to generate aerosols or droplets (e.g., vortexing, mixing, sonication or centrifugation), a certified Class II Type A1 or A2 BSC should be used. During the procedure for the isolation of PBMCs from peripheral blood, centrifugation steps are at high risk to generate fine‐particulate aerosols and droplets. However, centrifuge buckets are sealed for centrifugation, and specimens are centrifuged in securely capped polypropylene tubes that are loaded and unloaded in a Class II BSC. As additional precaution, every step of the procedure is performed in a Class II BSC to minimize the risk of exposure to an unintentional sample release. Only disposable plasticware and pipettes are used, which are decontaminated into the internal waste.

On completion of work, the internal waste is closed and discarded into a biosafety waste. Surfaces are decontaminated typically with 0.5% bleach and then with 70% ethanol.

Handling of PBMCs for Phenotype Analysis {#cytoa24009-sec-0008}
----------------------------------------

To date, no data are available regarding the ability of SARS‐CoV‐2 to infect PBMCs. If SARS‐CoV‐2 behaved like all respiratory viruses, the blood from Covid‐19 patients should not contain infective particles. However, waiting for definitive reports, and according to standard precautions, we prefer to take into consideration the fact that in principle plasma and mononuclear cells obtained from blood may contain transmissible infectious agents, and must be handled in a Class II BSC. Indeed, this is what we have been doing for many years when analyzing human blood from patients with different physiological conditions (for example, age, from 0 to 110 years, or pregnancy) that is always treated as if it were infected with a pathological agent like human immunodeficiency virus (HIV) or hepatitis B virus. So, many years ago---I would say more than 30---we started to strictly follow first safety procedures, then the indications given by the International Society for Advancement of Cytometry (ISAC) [10](#cytoa24009-bib-0010){ref-type="ref"}, [11](#cytoa24009-bib-0011){ref-type="ref"}, with the recent updates (see: <https://isac-net.org/page/Biosafety>).

As we well know, for the analysis of cell phenotype by flow cytometry sample preparation typically includes isolation of PMBCs, staining with monoclonal antibodies (mAbs), incubation for a short period, washing, and fixation. Then, fixed samples are acquired by using an instrument that, in our case, is located in a locked BLS‐2 room. Personnel involved in sample preparation handle PBMCs specimens in a Class II BSC and wear laboratory coat, gloves, surgical mask, and eye protection.

As additional precaution, even if not required, those involved in sample acquisition can even wear FFP2 instead of surgical mask. After the acquisition, the flow cytometer is washed for 15 min with 0.5% bleach, 15 min with cleaning solution and finally 15 min with deionized water. At the end of the acquisition, the entire working area is cleaned‐up by using disinfectant solution (1/10 volume dilution of 0.71 M sodium hypochlorite, then 70% ethanol). Disposable materials (collection tubes, gloves, pipettes, tips) are discarded into appropriate biohazard containers with hypochlorite and all work surfaces are wiped off.

A potential exposure to infectious materials, or any sort of accident has to be immediately reported to the head of the laboratory for the appropriate evaluation. Needless to say, activities like eating, drinking, smoking, handling of contact lens, applying cosmetics, playing with the phone or chatting on social networks are absolutely prohibited. In Table [1](#cytoa24009-tbl-0001){ref-type="table"}, the main personal protective equipment and collective protection devices are summarized.

###### 

Summary of the personal protective equipment and collective protective devices for handling and processing blood specimens and PBMCs from Covid‐19 patients

  Procedure                                                        Personal protective equipment                                                                                   Collective protective devices
  ---------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------- -------------------------------
  Handling of blood                                                Surgical maskTwo pairs of gloves (the external to be used only when working in the BSC)Eye protectionLab coat   Class II BSC in a BLS‐2 lab
  Staining of PBMCs                                                Surgical maskTwo pairs of gloves (the external to be used only when working in the BSC)Eye protectionLab coat   Class II BSC in a BLS‐2 lab
  Acquisition at the flow cytometer (fixed cells)                  Surgical maskGlovesEye protectionLab coat                                                                       BLS‐2 lab
  Acquisition of unfixed cells: requires cell sorting procedures   See <https://isac-net.org/page/Biosafety>                                                                       BLS‐3 lab

Detecting Cells Responsible for the Cytokine Storm {#cytoa24009-sec-0009}
--------------------------------------------------

Short term stimulation is now assuming a pivotal importance in the fight against Covid‐19. Indeed, several reports have described abnormally increased levels of cytokines in plasma from patients infected by SARS‐CoV‐2 [12](#cytoa24009-bib-0012){ref-type="ref"}, that has been defined "cytokine storm," similarly to what has been described in bacterial sepsis [13](#cytoa24009-bib-0013){ref-type="ref"}. This condition is driven by, and causes inflammation, and molecules like interleukin (IL)‐1, tumor necrosis factor (TNF)‐α, and especially IL‐6 are strongly produced by a variety of cells. Likely, since most infected people remain asymptomatic, this is not happening in all infected individuals. Interestingly, it is now known that children and pregnant women usually experience a mild form of Covid‐2 if not a fully asymptomatic one. These categories of persons are characterized by an immune response skewed toward a TH2 profile (i.e., activities of the so‐called T‐helper Type 2 cells), with a preferential production of cytokines like IL‐4 and IL‐10. Typically, production of the aforementioned inflammatory cytokines is a feature of TH1 cells. Thus, it could be of interest to investigate whether profiling immune cells for their ability to produce TH1 or TH2 cytokines could be useful in the management of Covid‐19 patients. This in vitro assay is typically based upon isolation of PBMCs, stimulation with different *stimuli* (i.e., anti‐CD3/CD28, superantigens like *Staphylococcus aureus* enterotoxins, phorbol myristate acetate plus ionomycin, peptide pools) and quantification of intracellular cytokines.

In the last weeks this assay has been extensively used from our group to study CD4+ and CD8+ T cells. The experimental procedures that we follow require that PBMCs have to be maintained for a few hours (or, in some cases, for 2 days) in an incubator, at 37°C in a humidified atmosphere with 5% CO~2~. For the analysis of polyfunctionality by the detection of intracellular production of cytokines, PBMCs are thus incubated with different *stimuli* inside capped tubes. In these conditions, aerosol particles or droplets can be generated inside the tube. However, tubes are loaded in a Class II BSC, transferred to the incubator, kept for some hours, unloaded and treated with Brefeldin A under the BSC as described before, and reincubated. At the end of the last incubation period tubes are unloaded in a BSC. Then, cells are fixed, permeabilized, stained with mAbs, and acquired. It is to note that the dedicated incubator is also located in the same BLS‐2 laboratory. In the case reported by Figure [1](#cytoa24009-fig-0001){ref-type="fig"} (from a study that has been approved by the "Area Vasta Emilia Nord" Ethical Committee on March 10, 2020), we used the Attune NxT acoustic flow cytometer (ThermoFisher Scientific, Eugene, OR). For this type of analysis, we first applied the classical methods for intracellular staining and rare event detection [14](#cytoa24009-bib-0014){ref-type="ref"}, [17](#cytoa24009-bib-0017){ref-type="ref"}. Then, we found that a relevant difference in cytokine production was present between CD8+ T cells from a patient with Covid‐19 pneumonia and an age‐ and sex‐matched donor. Indeed, most CD8+ T cells from this patient were able to produce Granzyme B but not interferon‐γ or TNF‐α, and were CD107a negative. This type of assay is now under deep investigation to understand the clinical importance of a polyfunctional response that in viral infections like that by HIV plays a major defensive role and can predict, at least in part, the course of the infection [18](#cytoa24009-bib-0018){ref-type="ref"}, [19](#cytoa24009-bib-0019){ref-type="ref"}.

![Representative example of cytokine production by CD4+ and CD8+ T cells from a Covid‐19 patient with severe pneumonia after in vitro stimulation after in vitro stimulation with anti‐CD3/CD28 (1ug/mL) for 16 h in the presence of anti‐CD107a‐PE (Biolegend, San Diego, CA).[14](#cytoa24009-bib-0014){ref-type="ref"}, [15](#cytoa24009-bib-0015){ref-type="ref"} PBMC were stained with viability marker (AQUA Live Dead, ThermoFisher) and anti‐CD4‐AF700 and CD8‐APC‐Cy7 (Biolegend). Cells were fixed and permeabilized with Cytofix/Cytoperm (Becton Dickinson, San Josè, CA) according to manufacturer protocols. Finally, cells were stained with anti‐IFN‐γ‐FITC, anti‐TNF‐α‐BV605, anti‐IL‐17A‐PE‐Cy7, anti‐IL‐2‐APC, and anti‐Granzyme B‐BV421 (all from Biolegend). Data were acquired by using attune NxT acoustic flow cytometer. (A) Intracellular staining of different cytokines in previously gated living CD3+,CD4+ in a healthy donor (upper plots) and in a patient (lower panels); (B) intracellular staining of different cytokines in previously gated living CD3+,CD8+ in a healthy donor (upper plots) and in a patient (lower panels); (C) analysis of the polyfunctionality of CD8+ T cells by using "Simplified Presentation of Incredibly Complex Experiments (SPICE),", kindly provided by Dr. Mario Roederer (NIH, Bethesda, MD).[16](#cytoa24009-bib-0016){ref-type="ref"} Arcs represent the total production of each cytokine, pie slices the polyfunctional capacity of cells. For the functional analysis of CD8+ T cells, that in theory can provide 64 populations of cells producing different combination of cytokines, a threshold of 0.5% was set on the basis of the distribution of negative values generated after background subtraction. Note that, as expected, in patient and control no CD8+ T cell was able to produce IL‐2. \[Color figure can be viewed at <http://wileyonlinelibrary.com>\]](CYTO-9999-na-g001){#cytoa24009-fig-0001}

Finally, we underline that sorting of cells from Covid‐19 patients requires a completely different approach. In fact, the simple procedures that we have described above are easily applicable to studies where cells are finally fixed, like those on cell phenotype or detection of intracellular molecules, or other assays. For unfixed, living cells (as, e.g., in the case of analysis of the functionality of different organelles or of calcium fluxes, among others) we recommend to use the same measures required for cell sorting. At this regard, the ISAC Biosafety Committee has just released (March 26, 2020) novel procedures recently approved by the NIH‐Institutional Biosafety Committee for CoV‐2 cell sorting. The procedures are extremely clear and well written, and we invite those interested in visiting ISAC website at: <https://isac-net.org/page/Biosafety>.
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